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Summary  In  recent  years,  the  coal  mine  safety  production  situation  in  our  country  improved
year by  year,  but  severe  accidents  still  occurred;  the  accidents  caused  great  economic  loss  to
the national  economy.  According  to  statistical  analysis,  almost  all  of  the  coal  mine  accidents  will
expose the  hidden  danger  in  before,  most  of  the  accidents  caused  due  to  safety  management
not reaching  the  designated  position  and  the  hidden  danger  management  does  not  take  any
decision in  time.  Based  on  the  coal  mine  safety  management  holes  in  our  country,  the  coal  mine
macro, meso  and  micro  safety  management  system  was  established  in  this  paper,  which  includes
meaning and  conception  of  the  theories  of  the  macro,  meso  and  micro  safety  management,
and also  includes  the  matching  hardware  equipment,  in  order  to  achieve  the  hidden  danger’s
closed-loop  control  and  dynamic  early  warning  in  the  process  of  coal  mine  production.
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Introduction
Coal  mine  is  the  main  and  foundation  energy  in  China.  Also,
it  is  the  important  part  of  national  economy,  and  it  provides
the  driving  force  for  the  rapid  development  of  national  econ-
omy.  The  rapid  development  of  national  economy  promotes
the  improving  of  coal  mine  production  situation.  In  recent
years,  mortality  million  tonnes  as  a  measure  of  coal  mine
safety  production  situation,  production  of  million  tonnes
declined  year  by  year,  dropped  to  0.892  in  2009  and  below
to  0.3;  for  the  ﬁrst  time  in  2013,  it  reached  0.293  (State
Administration  of  Work  Safety,  2010,  2014).  But  there  is
still  a  large  gap  compared  with  developed  countries.  Taking
America  as  an  example,  as  the  world’s  second  largest  coal-
producing  country,  the  coal  output  in  the  past  10  years  has
been  stabilized  at  nearly  1  billion  tonnes,  whereas  the  mor-
tality  is  about  30  people  in  coal  mine,  with  mortality  million
tonnes  control  a  long-term  below  0.1.  Especially  in  recent
years,  mortality  million  tonnes  in  American  declined  to  0.03;
Australia  is  the  lowest,  at  nearly  0.014  (China  Coal  Network,
2014).  The  reason  is  that  the  hidden  danger  checking  is  not
comprehensive,  and  it  does  not  realize  the  dynamic  moni-
toring,  quantitative  analysis  and  dynamic  classiﬁcation  early
warning  in  the  process  of  coal  mine  production  in  China.
Accordingly,  the  thesis  designs  the  coal  mine  macro,  meso
and  micro  safety  management  system  to  improve  the  level
of  the  scene  safety  management  in  coal  mine,  reduce  the
probability  of  the  accidents  effectively.
Research status
Research  status  of  abroad
Foreign  safety  experts  and  scholars  study  the  coal  mine
safety  management  system  in  different  angles,  Apuma
Kumar  Ghosh  studies  on  the  relationship  of  coal  mine  acci-
dents  with  working  condition,  coal  mine  workers’  individual
factors  and  enterprise  management  level  by  questionnaire
method,  and  concludes  that  coal  mine  should  prevent  the
happening  of  the  accidents  by  improving  management  qual-
ity  and  working  environment,  attaching  great  importance
to  the  workers  safety  psychological  training  (Ghosh  et  al.,
2004).  Mustafa  Kumral  uses  genetic  algorithm  to  improve
the  coal  mine  safety  management  system  through  optimi-
zing  every  subsystem  of  coal  mine  (Mustafa,  2005).  Paul
applies  intrinsic  safety  basic  principle  to  study  coal  dust
explosion  preventive  methods  (Paul  and  Maiti,  2007).  Jef-
frey  studies  on  the  process  of  coal  mine  safety  production,
by  elaborating  safety  management  targets,  forces  workers
to  change  safety  altitudes,  implements  self-management,
in  the  coal  mine  production,  learns  safety  skills  initiative,
improves  personal  safety  quality  and  achieves  coal  mine’s
safety  production  (Hickman  and  Geller,  2003).  David  D.  stud-
ies  the  coal  mine  safety  management  from  the  perspective
of  safety  atmosphere,  puts  forward  that  safety  atmosphere
has  the  effect  of  coordination  to  the  factors  of  safety  pro-
duction  procession  (Dejoy  et  al.,  2004).  David  L.  studies
the  inﬂuence  of  rules  and  regulations  such  as  coal  mine
ownership  system  to  the  coal  mine  accidents,  comes  out  the
function  of  the  coal  mine  ownership  system  and  related  sys-
tems  in  the  coal  mine  safety  production  (Laurence,  2005).
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negtering  studies  the  three  aspects  to  improve  coal  mine
afety  management  level,  effective  safety  measurement
ystem,  safety  training  system  and  safety  control  system
Knegtering  and  Pasman,  2009).  Amyotte  puts  forward  the
rocess  safety  management  in  the  coal  mine  safety  pro-
uction  through  researching,  it  includes  safety  targets,  risk
ssessment,  safety  standards,  the  condition  of  equipment,
afety  training,  safety  awareness  and  safety  laws  (Khan  and
myotte,  2003;  Amyotte  and  Oehmen,  2002).
Through  the  research  of  security  experts,  the  devel-
ped  countries  have  formed  the  more  advanced  safety
anagement  systems.  The  ﬁrst  one  is  OSHMS,  which
s  the  standard  management  system,  aimed  at  realizing
mployees  professional  safety  and  healthy.  Its  core  con-
ent  is  the  identiﬁcation,  evaluation  and  control  of  risk
actors;  according  to  this  standard,  different  countries
ssue  corresponding  standardization  system.  NOSA  ﬁve
tars  management  system  is  a  set  of  scientiﬁc  and  stan-
ardized  safety-health-environmental  management  system
hich  is  built  by  South  Africa  Nation  Occupational  Safety
ssociation.  The  core  is  that  safety-healthy-environment
ntegrates  into  5  units,  and  then  subdivided  into  72
lements.  In  that,  each  element  makes  safety  manage-
ent;  through  production  practice’s  testing.  The  system
an  effectively  reduce  the  happening  of  the  accident,
educe  personnel  casualties,  reduce  the  probability  that  the
mployees  have  the  occupational  disease,  improve  the  work
fﬁciency.
he  domestic  research  status
ur  country’s  coal  industry  experts  formed  the  following
oints  after  years  of  researching  and  accumulation.  Du
hunyu  studies  on  coal  mine  intrinsic  safety’s  macro  and
icro,  and  provides  a  new  thinking  for  coal  mine  safety
anagement  (Du  et  al.,  2007).  Zhao  Xiaoping  thinks  that
he  harmonious  development  of  man,  machine,  environ-
ent  and  management  is  the  premise  of  coal  mine  safety
roduction;  it  is  the  fundamental  guarantee  of  safety  man-
gement  whether  effective  (Zhao,  1998).  Xiang  Jiye  analyses
he  coal  mine  accident  by  fuzzy  mathematics,  it  concludes
hat  the  main  reason  to  lead  coal  mine  accidents  is  macro
upervision  competently  and  coal  mine  leaders  and  work-
rs’  low  quality  (Xiang,  2006).  Hu  Lijun  analyses  the  coal
ine  accident  by  using  the  method  of  empirical  research;
e  gets  the  main  reason  of  coal  mine  accident  is  unsafe  man
ehaviour,  and  unsafe  man  behaviour  is  mainly  due  to  coal
ine  workers’  psychological  of  adventure  and  luck  (Hu  and
hen,  2007).  Zhao  Chaoyi  uses  the  system  engineering  the-
ry  to  discuss  the  essential  safety  in  the  process  of  the  coal
ine  production’s  man,  machine  and  environment  (Zhao
t  al.,  2002).  Liu  Haibin  researches  lots  of  our  country’s  coal
ine  accident,  gets  that  man  behaviour’s  essential  safety  is
he  principal  in  our  country’s  coal  mine  intrinsic  safety  (Liu
t  al.,  2007).  Gao  Zhuohui  thinks  that  only  on  the  basis  of
ull  understanding  and  mastering  traditional  safety  manage-
ent  and  intrinsic  safety  theory,  can  we  ensure  traditionalafety  management  to  the  essence  safety  management  of  a
mooth  transition  in  the  new  situation  (Gao  and  Zhao,  2006).
u  Xiaoying  uses  the  theory  of  accident  numbers,  sorts  the
actors  of  coal  mine  accidents,  and  he  concludes  the  key
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f  safety  management  and  what  measures  should  take  (Ou
t  al.,  2007).
The  coal  enterprises  in  China  combine  the  domestic  and
oreign  advanced  safety  management  theory  to  establish  the
orresponding  safety  management  system  on  the  basis  of
racticing,  such  as  Shenhua  Group’s  risk  pre-control  man-
gement  system,  Shanxi  Lanhua  Group’s  safety  technology
anagement  system,  and  Luan  Group’s  constriction  idea  of
ntrinsic  safety  exquisite  reportage  coal  mine.  All  of  the
afety  management  systems  promote  the  coal  mine  produc-
ion  safety  situation’s  improvement,  but  in  terms  of  safety
anagement  information  and  datamation  is  insufﬁcient,  it
akes  the  hidden  danger  in  the  coal  mine  production  has
ot  been  detection  and  treatment  in  time,  thus  cannot  com-
letely  eliminate  accident.
oal mine macro, meso and micro safety
anagement system
oal  mine  macro,  meso  and  micro  safety
anagement  connotatione
oal  mine  macro,  meso  and  micro  safety  management  sys-
em  is  aimed  at  the  characteristics  of  coal  mine  production
ystem  in  China,  under  the  background  of  information  and
atamation’s  rapid  development,  using  the  portable  exam-
nation  instruments  and  risk  information  cards  to  test  and
dentify  the  hidden  danger  in  the  process  of  coal  mine  pro-
uction,  transferring  the  collected  real  time  data  to  ground
ata  centre  through  the  wireless  communication  system,  the
ollected  huge  amounts  of  data  will  be  classiﬁed  analysis,
isk  quantitative  calculation  and  grading  forecasting  by  data
entre.  On  the  basis  of  this,  safety  management  centre  takes
argeted  measures  to  control  and  eliminate  the  hidden  dan-
er,  eventually  makes  the  coal  mine  production  close  to  a
lose-loop  management  system  of  essential  safety  inﬁnitely.
Coal  mine  macro,  meso  and  micro  safety  management  is
 set  of  software  and  hardware  combination  of  management
ystem  (Fig.  1).  The  hardware  equipment  includes  up  whole
ata  centre,  underground  wireless  network,  the  portable
nspection  instrument  which  can  hold  by  supervisors  and
nspectors,  every  worker,  important  machine  instrument  and
ain  environment  parameter’s  risk  information  card.  The
ortable  inspection  instrument  and  risk  information  card  can
onnect  to  the  Internet  of  the  underground  wireless  net-
ork,  and  risk  information  card  can  realize  the  function  of
ersonnel  orientation.  The  portable  inspection  instruction
cans  the  risk  information  card,  identiﬁes  each  other  sta-
us,  and  the  checked  information  is  uploaded  to  data  centre
hrough  wireless  network.  The  portable  inspection  instru-
ent  can  real-time  download  all  sorts  of  data  and  safety
anagement  institution  through  wireless  network.  It  can
lso  make  real-time  voice  call  with  ground  data  centre  and
ther  underground  managers  through  wireless  network.
he  coal  mine  macro  meso  and  micro  dynamic
arning system  idea
he  coal  mine  macro,  meso  and  micro  system  idea  is  a
omplete  system,  it  is  a  safety  values  forming  with  coalL.  Wang  et  al.
ine  production.  It  also  is  a  safety  moral  norm  which  is
pproved  by  all  coal  mine  enterprise  staff.  The  core  idea
eﬁned  in  practice  is  full  participation,  closed  loop  control
nd  dynamic  warning  system.  Now  having  connected  with
idden  danger  in  coal  mine  production  process,  this  paper
ill  make  an  analysis  for  core  safety  idea.
1)  Full  participation
Under  coal  mine  well,  the  disaster  has  a  large  quantity
and  high  frequency,  so  combined  with  checking  and  con-
trolling  hidden  danger,  evaluating  safety  performance
and  system  of  reward  and  penalties,  arousing  every
staff’s  safety  consciousness,  realizing  safety  manage-
ment  about  every  post  that  passive  can  become  active
safety.  For  example,  if  a  worker  ﬁnds  a  hidden  trouble
initiatively,  give  him  a  reward.  Team  leader  or  safety
inspector  ﬁnding  a  hidden  trouble  in  production  process
and  the  worker  solving  it  in  stipulated  time,  the  worker
will  not  be  punished.  If  the  worker  does  not  solve  the
hidden  trouble,  punish  him.  So  that  the  status  of  safety
management  can  be  changed  radically  and  the  safety
management  level  will  be  improved.
2)  Closed  loop  control
Closed  loop  control  of  coal  mine  macro  and  ultra-
ﬁne  micro-safety  management  be  presented  in  many
aspects.  Manifestation  is  circlet  in  large  ring.  The  level
of  safety  management  is  improving  in  cyclic  rotation.
The  close-loop  control  in  the  safety  management  pro-
cess  shows  that  coal  mine  managers  and  inspectors  uses
the  portable  inspection  instrument  to  collect  all  kinds
of  hidden  danger  data  in  the  process  of  production,  col-
lected  safety  production  data  transfers  to  ground  data
process  centre  through  wireless  network  ground  data
process  centre  stores  huge  number  data,  uses  big  data
theory  to  statistic,  analyse  and  predict  the  huge  safety
production  data.  The  result  makes  assistant  decision  on
coal  mine  safety  management;  Then,  according  to  the
result  of  safety  production  big  data  analysis,  coal  mine
safety  management  centre  establishes  macro  safety
management  target,  safety  management  institution  and
safety  training  system,  realizes  micro  individual  safety
management  on  man-machine-environment  in  the  coal
mine  production  ﬁeld,  continues  to  collect  the  hidden
danger  data  in  the  production  practice  at  last,  analyses
safety  management  efﬁciency  situation.
3)  Dynamic  warning  system
Coal  mine  production  is  complex,  and  it  has  a  high
requirement  for  main  equipment.  Besides  the  operation
place  changes  always.  So,  dynamic  warning  system  in
coal  mine  production  is  a  key  link  of  safety  manage-
ment.  The  coal  mine  macro  meso  and  micro  dynamic
warning  system  includes  three  aspects:  ﬁrstly,  we  should
establish  a  dynamic  warning  index,  which  is  divided
into  direct  index  (index  of  man-machine-environment
system)  and  indirect  index  (management  index),  deter-
mine  the  critical  value  of  warning  index  and  analyse
the  coupling  relationship  between  different  warning
index.  Secondly,  a  direct  and  indirect  warning  meth-
ods  should  be  established  for  the  concrete  workplace.
Finally,  establish  dynamic  warning  level  and  correspond-
ing  response  mechanism.  According  to  the  different
level  circumstance,  different  measures  can  be  taken
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aFigure  1  The  micro,  meso  and  macro  man
and  later  it  could  be  determined  as  whose  responsibility
it  is.
The  analysis  about  the  structure  of  coal  mine
macro meso  and  micro  safety  management
The  coal  mine  macro  meso  and  micro  safety  management
system  is  a  comprehensive,  systematic  and  hierarchical
management  system,  so  it  can  be  used  in  many  other  safety
managements.  For  example:  thinking  about  national  coal
mine  safety  supervision,  in  the  macro  level,  it  is  national
safety  regulation  system  which  is  made  up  by  State  Admin-
istration  of  Work  Safety  and  State  Administration  of  Coal
Mine  Safety.  In  the  meso  level  is  provincial  coal  mine  safety
supervision  system,  and  it  is  made  up  by  province  safety
bureau.  In  the  micro  level,  it  is  local  safety  regulation  sys-
tem.  Thinking  about  it  from  the  safety  supervision  of  a  large
coal  group,  it  is  safety  supervision  of  coal  mining  bureau  in
the  macro  level  and  in  the  meso  level  it  is  coal  enterprise,
while  in  the  micro  level  it  is  safety  supervision  of  area  team.
i
c
m
ient  model  of  the  coal  mine  intrinsic  safety.
hinking  about  safety  management  of  a coal  enterprise,  it  is
anagement  of  the  whole  coal  enterprise  in  the  macro  level,
anagement  of  the  workplace  in  the  meso  level  and  man-
gement  of  man-machine-environment  system  for  individual
ubject.
The  coal  mine  macro  meso  and  micro  dynamic  warning
ystem  can  be  divided  into  macro,  meso  and  micro  (Fig.  2).
he  safety  management  structure  (decision  level)  in  the
acro  level  includes  director  of  coal  mine,  deputy  director
ho  is  responsible  for  safety  production  and  so  on.  Organiz-
ng  layer  in  the  macro  level  is  responsible  for  setting  down
oal,  concept  and  system  about  safety  production  of  coal
ine,  at  the  same  time  they  should  also  responsible  for
upervision,  guiding  and  inspection  for  meso  and  micro  level.
he  safety  management  structure  (processing  level)  in  the
eso  level  includes  every  area  team  and  departments.  They
re  responsible  for  setting  down  working  standard,  work-
ng  ﬂow  and  safety  code.  Besides  they  also  should  make
hecking  and  evaluation  for  the  micro  level.  The  safety
anagement  structure  (executing  level)  in  the  micro  level
ncludes  ﬁeld  operation  teams  and  groups  both  on  and  under
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(igure  2  The  micro,  meso  and  macro  management  system  of
oal mine  safety  based  on  organization.
he  ground.  This  level  is  mainly  responsible  for  carrying
ut  policy,  especially  about  the  post  operation  rules  and
esponsibility.  What  is  more,  this  level  also  should  feedback
nformation  to  upper  management.  They  are  executing  level
or  essential  safe  management  of  coal  mine.
ield application
he  coal  mine  macro,  meso  and  micro  safety  management
ystem  has  researched  in  application  for  2.5  years  in  a  coal
ine,  ﬁnds  out  that  the  coal  mine  safety  production  level
as  been  a  signiﬁcant  increase  during  this  period,  reﬂected
n  the  following  respects:
1)  To  enhance  the  hidden  danger’s  identiﬁcation  and
processing  ability  to  the  whole  staffs,  increase  the  trans-
parency  of  the  hidden  danger  examination  method,
improve  the  effectiveness  of  the  hidden  danger  check-
ing,  improve  the  closure  rate  of  the  hidden  danger
management,  guarantee  the  coal  mine  safety  produc-
tion  fundamentally.
2)  Through  the  collected  safety  data  in  statistics,
processing  in  quantitative,  realizes  the  dynamic  early
warning  in  the  process  of  coal  mine  production,  makes
the  coal  mine  leaders  master  the  situation  of  under-
ground  safety  production  in  real-time,  strengthen  the
prevention  ability  to  severe  accidents,  provides  a
decision-making  basis  for  the  coal  mine  safety  produc-
tion.
3)  The  coal  mine  macro,  meso  and  micro  safety  manage-
ment  system  can  strengthen  the  supervise  and  inspect
on  human  negligence  causes  in  regulations  measures
compiled  approval  link,  decline  the  situation  of  leak
item  in  regulations  measures  compiled  approval  link;
Improves  the  staffs  training  system,  satisﬁed  the  staffs
safety  training  demand  in  the  coal  mine  safety  produc-
tion.
4)  To  make  comparative  analysis  of  violation  numbers  and
the  hidden  danger  numbers  under  implementing  macro,
meso  and  micro  safety  management  system  or  not,  it
concludes  that  the  number  of  violation  declines  in  the
production  procession;  The  total  number  of  the  hidden
(L.  Wang  et  al.
danger  presents  the  rising  at  ﬁrst,  then  declines  to
nearly  20%.
iscussion
t  present,  the  application  of  coal  mine  safety  manage-
ent  system  has  a  lot  of  types,  but  they  do  not  arouse  the
nthusiasm  of  coal  miners,  changes  the  coal  miners’  ‘passive
afety’  to  ‘active  safety’;  They  do  not  make  the  comprehen-
ive  close-loop  management  on  the  effect’s  investigated  of
idden  danger  treatment  and  safety  training,  cannot  check
he  hidden  danger  ‘s  treatment  degree  and  the  safety  train-
ng  effect;  There  is  no  dynamic  and  comprehensive  early
arning  in  the  process  of  coal  mine  production.
After  deeply  understanding  the  characteristics  of  coal
ine  production  system  the  coal  mine  macro,  meso  and
icro  safety  management  system  is  designed  combined  with
ain  safety  management  theory,  the  wireless  network  and
he  sensor.  In  the  process  of  coal  mine  production,  every
orker  has  his  own  risk  information  card,  which  is  used  for
ocation  and  personal  identiﬁcation.  Managers  and  check-
rs  used  the  portable  examination  instruments  to  check  the
eld  for  the  hidden  danger.  Checkers  transfer  the  exam-
nation  results  to  data  centre  on  the  ground  through  the
ireless  network  underground.  The  managers  on  the  ground
onclude  the  result  about  the  safety  production  situation
nderground  and  the  checking  efﬁciency  of  checkers.  In  this
ay,  the  company  can  mobilize  safety  production  enthusi-
sm  for  every  worker  and  improve  the  governance  efﬁciency
or  hidden  danger.  In  order  to  grasp  the  underground  safety
roduction  data  in  time,  the  ground  managers  can  calculate
he  data  map  of  coal  mine  safety  production  on  the  basis  of
elative  early  warning  models,  make  different  early  warning
evel  on  different  places,  and  then  take  the  corresponding
easures  to  improve  safety  production  efﬁciency.
Coal  mine  macro,  meso  and  micro  safety  management
ystem  proved  that  it  can  improve  level  of  coal  mine  safety
anagement  effectively  through  theory  analysis  and  appli-
ation  research.  But  it  was  just  early  application,  not
ccording  to  many  coal  mines.  Therefore,  it  is  not  persuad-
ble.  We  should  continuously  perfect  coal  mine  macro,  meso
nd  micro  safety  management  system  based  on  practice  and
mprove  the  system  stability.  We  should  improve  accuracy
nd  comprehensiveness  of  early  warning  through  screening
nd  thinning  warning  index.  We  should  ﬁnd  more  useful
afety  data  information  to  support  safety  administration
ecision.
onclusion
1)  Through  the  research  status  about  domestic  and  inter-
national  safety  management  and  safety  management
system,  weak  link  of  coal  mine  safety  management
in  our  country  nowadays  is  that  hidden  danger  can-
not  be  identiﬁed  and  troubleshot  comprehensively,  low
modiﬁcation  rate  and  low  enthusiasm  about  safety  man-
agement  participation.2)  Combined  with  the  characteristic  of  coal  mine  pro-
duction  and  the  research  status  of  domestic  and
international  safety  management,  this  paper  puts  for-
ward  a  coal  mine  macro  meso  and  micro  dynamic
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ZStudy  on  safety  management  system  in  coal  mine  
warning  system  which  bases  on  portable  examination
instrument,  risk  information  card  and  wireless  commu-
nication  network.
(3)  Making  a  deep  analysis  for  the  coal  mine  macro  meso
and  micro  dynamic  warning  system  idea  what  is  full
participation,  closed  loop  control  and  dynamic  warning
system.  Making  a  detailed  analysis  for  macro,  meso  and
micro  level  of  coal  mine  safety  management.
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